What is claimed is: 

1. A reforming apparatus comprising an integrated struc- 
ture of three separate units, comprising: 

a raw material reforming unit for steam-reforming a raw 
material to be reformed and producing a reformed gas 
containing hydrogen as a principal component, includ- 
ing a heat source that generates heat by combustion of 
a fuel gas, operable to directly obtain heat for the steam 
reformation reaction from said heal source; 

a shift reaction unit for decreasing, by water-gas-shift 
reaction, CO contained in the reformed gas produced in 
said raw material reforming unit; and 

a CO oxidation unit for further decreasing, by oxidation, 
CO contained in reformed gas treated in said shift 
reaction unit; 

said raw material reforming unit and said shift reaction 
unit contain different catalysts, and said shift reaction 
unit and said CO oxidation unit being arranged in a 
manner that said shift reaction unit and said CO oxi- 
dation unit can be indirectly heated by heat transfer 
from the heat source of said raw material reforming 
unit, and further said CO oxidation unit including an 
outside surface, and being arranged to obtain atmo- 
spheric cooling of the outside surface; and 

said raw material reforming unit, said shift reaction unit 
and said CO oxidization unit are concentrically 
arranged relative to each other with said CO oxidiza- 
tion unit placed on an outer peripheral side of the 
reforming apparatus. 

2. The reforming apparatus according to claim 1, wherein 
said raw material reforming unit comprises a generally 
cylindrical combustion chamber as the heat source and a 
reforming reaction unit for steam-reforming the raw material 
to produce the reformed gas containing hydrogen as a 
principal component, said reforming reaction unit, said shift 

reaction unit and said CO oxidation unit are concentrically 
arranged relative to said combustion chamber. 

3. The reforming apparatus according to claim 2, wherein 
said reforming reaction unit is concentrically accommodated 
within said combustion chamber. 

4. The reforming apparatus according to claim 2, wherein 
said reforming reaction unit is positioned outside said com- 
bustion chamber in contact therewith. 

5. The reforming apparatus according to claim 2, said 
combustion chamber comprising a center, and further com- 
prising an incombustible core arranged at the center of said 
combustion chamber. 

6. The reforming apparatus according to claim 2, wherein 
both of said shift reaction unit and said CO oxidation unit are 
positioned outside said reforming reaction unit. 

7. The reforming apparatus according to claim 6, further 
comprising a partition wall having a function of regulating 
heat transfer, the partition wall being interposed between 
said refoiming reaction unit and both of said shift reaction 
unit and said CO oxidation unit 

8. The reforming apparatus according to claim 6, wherein 
said reforming reaction unit and said shift reaction unit are 
connected by a flow path detouring outside both of said shift 
reaction unit and said CO oxidation unit 
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9. (Amended) The reforming apparatus according to claim 6 y 



wherein said 
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10. The reforming apparatus according to claim 1, 
wherein each of said shift reaction unit and said CO oxida- 
tion unit is arranged in a position which is heated by a 
burned exhaust gas from said heat source of said raw 
material reforming unit 

11. A reforming apparatus comprising an integrated struc- 
ture of three separate units, comprising: 

a raw material reforming unit for steam-reforming a raw 
material to be reformed and producing a reformed gas 
containing hydrogen as a principal component, includ- 
ing a heat source that generates heat by combustion of 
a fuel gas, operable to directly obtain heat for the steam 
reformation reaction from said heat source; 

a shift reaction unit for decreasing, by water-gas-shift 
reaction, CO contained in the reformed g^s produced in 
said raw material reforming unit; and 

a CO oxidation unit for further decreasing, by oxidation, 
CO contained in reformed gas treated in said shift 
reaction unit; 

said raw material reforming unit and said shift reaction 
unit contain different catalysts, and said shift reaction 
unit and said CO oxidation unit being arranged in a 
manner that said shift reaction unit and said CO oxi- 
dation unit can be indirectly heated by beat transfer 
from the heat source of said raw material reforming 
unit, and further said CO oxidation unit being arranged 
in a position outside said raw material reforming unit; 

said raw material reforming unit comprising a generally 
cylindrical combustion chamber as the heat source and 
a reforming reaction unit for steam-reforming the raw 
material to produce the reformed gas containing hydro- 
gen as a principal component, said reforming reaction 
unit, said shift reaction unit and said CO oxidation unit 
are concentrically arranged relative to said combustion 
chamber; and 



further comprising an exhaust chamber, in which a burned 
exhaust gas from said combustion chamber directly 
flows, wherein said exhaust chamber is positioned 
adjacent to and coaxially above said combustion 
chamber, said shift reaction unit being positioned out- 
side said exhaust chamber, said CO oxidation unit 
being positioned outside said shift reaction unit 
12. The reforming apparatus according to claim U, fur- 
ther comprising an air intake for introducing fresh air in 
between said combustion chamber and said exhaust cham- 
ber. 
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13. The reforming apparatus according to claim 11, fur- 
ther comprising a secondary heating element for heating said 
exhaust chamber. 

14. The reforming apparatus according to claim 11, fur- 
ther comprising an exhaust vent for discharging the burned 
exhaust gas in said exhaust chamber to the outside, a shutter 
for selectively opening and closing said exhaust vent, a first 
duct which is separated from said exhaust chamber and 
interposed between said shift reaction unit and said CO 
oxidation unit, and a second duct which is fluid-connected 
with said first duct and positioned outside said CO oxidation 
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15. The reforming apparatus according to claim 14, fur- 
ther comprising an air intake for introducing fresh air into 
said first duct 



(Amended) The reforming apparatus according to claim [12] It 



comprising an incombustible core arranged at the center of said 

16. The reforming apparatus according to claim 12, fur- 
ther comprising an incombustible core arranged at the center 
of said exhaust chamber. 

17. A reforming apparatus comprising an integrated struc- 
ture of three separate units, comprising: 

a raw material reforming unit for steam-reforming a raw 
material to be reformed and producing a reformed gas 
containing hydrogen as a principal component, includ- 
ing a heat source that generates heat by combustion of 
a fuel gas, operable to directly obtain heat for the steam 
reformation reaction from said heat source; 

a shift reaction unit for decreasing, by water-gas-shift 
reaction, CO contained in the reformed gas produced in 
said raw material reforming unit; and 

a CO oxidation unit for further decreasing, by oxidation, 
CO contained in reformed gas treated in said shift 
reaction unit; 

said raw material reforming unit and said shift reaction 
unit contain different catalysts, and said shift reaction 
unit and said CO oxidation unit being arranged in a 
manner that said shift reaction unit and said CO oxi- 
dation unit can be indirectly heated by heat transfer 
from the heat source of said raw material reforming 
unit, and further said CO oxidation unit being arranged 
in a position outside said raw material reforming unit; 

said raw material reforming unit comprising a generally 
cylindrical combustion chamber as the heat source and 
a reforming reaction unit for steam-reforming the raw 
material to produce the reformed gas containing hydro- 
gen as a principal component, said reforming reaction 
unit, said shift reaction unit and said CO oxidation unit 
are concentrically arranged relative to said combustion 
chamber; and 

at least one of said reforming reaction unit, said shift 
reaction unit and said CO oxidation unit is provided on 
a surface thereof with a heat transfer material having a 
higher heat conductivity than that of a material of 
which said surface is composed. 

18. The reforming apparatus according to claim 2, 
wherein said CO oxidation unit includes fins for heat dissi- 
pation on an outer surface thereof. 



further 
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19. A reforming apparatus comprising an integrated struc- 
ture of three separate units, comprising: 

a raw material reforming unit for steam-reforming a raw 
material to be reformed and producing a reformed gas 
containing hydrogen as a principal component, includ- 
ing a heat source that generates heat by combustion of 
a fuel gas, operable to directly obtain heat for the steam 
reformation reaction from said heat source; 

a shift reaction unit for decreasing, by water-gas-shift 
reaction, CO contained in the reformed gas produced in 
said raw material reforming unit; and 

a CO oxidation unit for further decreasing, by oxidation, 
CO contained in reformed gas treated in said shift 
reaction unit; 

said raw material reforming unit and said shift reaction 
unit contain different catalysts, and said shift reaction 
unit and said CO oxidation unit being arranged in a 
manner that said shift reaction unit and said CO oxi- 
dation unit can be indirectly heated by heat transfer 
from the heat source of said raw material reforming 
unit, and further said CO oxidation unit being arranged 
in a position outside said raw material unit; 

said raw material reforming unit comprising a generally 
cylindrical combustion chamber as the heat source and 
a refor ming reaction unit for steam-reforming the raw 
material to produce the reformed gas containing hydro- 
gen as a principal component, said reforming reaction 
unit, said shift reaction unit and said CO oxidation unit 
are concentrically arranged relative to said combustion 
chamber; and 

further comprising a main exhaust chamber in which a 
burned exhaust gas from said combustion chamber 
directly flows, a main exhaust vent for directly dis- 
charging the burned exhaust gas in said main exhaust 
chamber to the outside, a shutter for selectively open- 
ing and closing said main exhaust vent, a first duct 
which is separated from said main exhaust chamber and 
fluid-connected thereto and is positioned outside said 
main exhaust chamber, and a second duct which is 
fluid-connected with said first duct and positioned 
outside said first duct, said shift reaction unit being 
placed in said first duct, said CO oxidation unit being 
placed in said second duct 
20. The reforming apparatus according to claim 19, fur- 
ther comprising an exhaust sub-vent for discharging a 
burned exhaust gas within said first duct to the outside, and 
a shutter for selectively opening and closing said exhaust 
sub-vent 

2L The reforming apparatus according to claim 19, 
wherein at least one of said reforming reaction unit, said 
shift reaction unit and said CO oxidation unit is formed into 
a coit-Hke shape. 

22. The reforming apparatus according to claim 19, fur- 
ther comprising an air feed channel for introducing fresh air 
into said second duct 

23. The reforming apparatus according to claim 1, 
wherein at least a portion of a raw material feed channel for 
feeding the raw material and steam to said raw material 
reforming unit is arranged in a position in which the raw 
material and the steam are preheated by heat from the heat 
source of said raw material reforming unit 
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one of said refprniing reaction unit, said shift reaction unit [add] and said CO oxidation 

25. The reforming apparatus according to claim 23, 
wherein at least a portion of said raw material feed channel 
is arranged at a position able to be contacted with the burned 
exhaust gas from the heat source of said raw material 
reforming unit 

26. The reforming apparatus according to claim 23, 
wherein at least a portion of said raw material feed channel 
is arranged at such a position that it can be directly heated 
by the heat source of said raw material reforming unit 

27. The reforming apparatus according to claim 1, 
wherein at least a portion of a fuel feed channel for feeding 
fuel to the heat source of said raw material reforming unit is 
arranged at a position able to be preheated by heat from the 
heat source of said raw material reforming unit 

28. The reforming apparatus according to claim 1, further 
comprising a combustion catalyst held in said heat source 
and a preheater for preheating the combustion catalyst, 
wherein the heat source of said raw material reforming unit 
generates heat by catalytic combustion. 

29. A reforming apparatus comprising an integrated struc- 
ture of four separate units, winch comprises: 

a combustion unit for generating heat by combustion of a 
fuel gas; 

a raw material reforming reaction unit for steam- 
reforming a raw material and producing a reformed gas 
containing hydrogen as a principal component; 

a shift reaction unit for decreasing CO contained in the 
reformed gas, that was produced in said raw material 
reforming unit, by water-gas-shift reaction; 

a CO oxidation unit for further decreasing CO contained 
in the resultant reformed gas, that was treated in said 
shift reaction unit, by oxidation; 

said reforming reaction unit and said shift reaction unit 
containing different catalysts, said shift reaction unit 
and said CO oxidation unit being indirectly heated by 
heat transfer from the heat source of said raw material 
reforming unit, said CO oxidation unit being positioned 
outside said reforming reaction unit, and said reforming 
reaction unit being directly heated by said combustion 
unit so that the temperature in said reforming reaction 
unit is controlled in the range of 400 to 1000° C, said 
shift reaction unit being indirectly heated by heat 
transfer from said combustion unit so that the tempera- 
ture in said shift reaction unit is controlled in the range 
of 200 to 350° C, said CO oxidation unit being 
indirectly heated by heat transfer from said combustion 
unit so that the temperature in said CO oxidation unit 
is controlled in the range of 100 to 250° C; 

said CO oxidation unit including an outside surface, and 
being arranged to obtain atmospheric cooling of the 
outside surface; and 

said raw material reforming unit, said shift reaction unit 
and said CO oxidization unit are concentrically 
arranged relative to each other with said CO oxidiza- 
tion unit placed on an outer peripheral side of the 
reforming apparatus. 
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30. A reforming apparatus comprising an integrated structure of three separate 

:': : :' urtits.:cbmpris^ 

a raw material reformin g unit for steam-*eformina a raw material to be reformed 
and producing a reformed gas co ntaining hydrogen as a Principal component, including 
a heat source that generates heat bv combustion of a fuel da^ operable to directly 
obtain heat for the steam reformation reaction from said heat source: 

a shift reaction unit for decreasing, by water-gas-shift reaction. CO contained in 
the reformed gas p roduced in said raw material reforming unit: and 

a CO oxidation unit for further decreasi ng, bv oxidation. GO contained in 
reformed oas treated in said shift reaction unit: 

said raw material reforming unit and said shift reaction unit contain different 
catalysts, and said shi ft reaction unit and said CO oxidation unit beind arranged in a 
manner that said shift reaction unit and said CO oxidation unit can be indirectly heated 
by heat transfer from the heat source of said raw material reforming unit, and further 
said CO oxidation unit including an outside surface, and being arranged to be cooled bv 

at least one of atmospheric cooling and a combination of raw material and water 
cooling of the outside surface: and 



said raw material reforming unit, said shift reaction unit and said CO oxidization 




placed on an outer peripheral side of the reforming apparatus. 
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31 . The reforming apparatus according to claim 30 wherein said raw material reforming 
unit comprises a generally cylindrical combustion chamber as the heat source and a reforming 
reaction unit for Steam-reforming the raw material to produce the reformed gas containing 
hydrogen as a principal component, said reforming reaction unit, said shift reaction unit an 
GO oxidation unit are concentrically arranged relative to said combustion chamber. 

32. The reforming apparatus according to claim 31 Wherein said reforming reaction unit 
is concentrically accommodated within said combustion chamber V 

: 33; ™> reforntmg ap0 ^^ s ^ Cofdine tQ ct ^ m 3 1 ; wneirein ^ fe ^" g "" jt 
is positioned outside said combustion chamber m contact therewith 

34. The reforming apparatus according to claim 31 . said combustion chamber comprising 

a center, and further comprising an incombustible core arranged at the center of said combustion 

chamber, 

% : 3S| ^ ^forming apparatus according to claim 31 >whereiri both of said shift reaction 
unit and said CO oxidation unit are positioned outside said reforming reaction unit 

having a runcrton of regulating heat transfer: the : 
reforming reaction unit and both of said shift reaction unit and said CO oxidation unit x : . 

37, The reforming apparatus accordingfo claim 35. wherein said reforming reaction unit 
and said shift reaction unit are connected bv a flow path detouri ng outside bom of said shift 
reaction unit and said CO oxidation unit. 
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38 (Amended) The reforming apparatus a n cordino to riaim 35. wherein saM 
shift reaction unit is arranged on a side adjacent te a high temperature zone of said 
reforming unit and sa 

temperature side of said reforming reaction unit so as to be in conformity to a 
temperature distribution within said reforming reaction unit 

from Sqjd httt source of said raw material reform,^ ^ft 

40 The reforming apparatus according to claim 30. wher ein said CO oxidation 
unit is arranged to be cooled bv raw material and water cooling o f the outside surface. 
f-f 42^ A reforming apparatus comprising an integrated structure of four separate 
vx urtits^wnfcfr^ 

a combustion unit for generating heat bv combustion of a fuel gas: 

a raw material reforming reaction unit for steam-reforming a raw m aterial and 
producing a reformed gas containing hydrogen as a principal c omponent; 

a shift reaction unit for decreasing CO contained in the reformed o as. that was 
produced in said raw material reforming unit, bv water-oas-shift reaction; 

a CO oxidation unit for further decreasing CO contained in the resul tant reformed 
oas. that was treated in said shift reaction unit, bv oxidation: 

said reforming reaction unit and said shift reaction unit containing different 
catalysts, said shift reaction unit and said CO oxidation unit being indir ectly heated by 
heat transfer from the heat source of said raw material reformino unit, said CO 
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oxidation Unit being positioned outs ide said reforming reaction unit, and said reforming 

: jn : -x: 



said reforming reaction unit is controlled in the range of 400 to 100foC r said shift 

lit so that 



the temperature in said shift reaction unit is controlled in the range of 200 to 350°C. 
said CO o xidation unit being indirectly heated bv heat transfer from said combustion 
unit so that the temperature in said CO oxidation unit is controlled in the range of 100 to 

said CO oxidation unit including an outside surface, and being arranged to be 
cooled bv at least one of atmospheric cooling and a combination of raw material and 
water cooling of the outside surface; and 

said raw material reforming unit, said shift reaction unit and said CO oxidization 

•jjM"-: : : : :-\ 



placed on an outer peripheral side of the reforming apparatus, 

*f c^ 4& The reforming apparatus according to claim 4^ wherein said CO oxidation 

unit is arra nged to be cooled bv raw material and water cooling of the outside surface. 
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